A series of substituted [1, 3] thiazolo [3,2-b][1,2,4]triazole derivatives 4 were synthesized in good yield by condensing 2-substituted-1,2,4-triazole-5-thiols 3 with various N-aryl-maleimides in acetic acid media. All structures of the newly synthesized compounds were elucidated by elemental analyses and spectral data.
Introduction
Non-steroidal anti-inflammatory drugs (NSAIDs) such as Ibuprofen are widely used for the treatment of pain, fever and inflammation [1 -3] . Prostaglandins are important biological mediators of inflammation, originating from biotransformation of arachidonic acid catalyzed by cyclooxygenase [4] . In the early 1990s, it was discovered that the enzyme exists as two isoforms, one constitutive (COX-1) and the other inducible (COX-2) [5] . COX-1 is constitutively expressed and provides cytoprotection in the gastrointestinal (GI) tract, while COX-2 is inducible and mediates inflammation [4, 6] . Prolonged use of NSAIDs like Ibuprofen has been associated with gastrointestinal complications ranging from stomach irritation to life-threatening gastrointestinal ulceration and bleeding [7, 8] . Therefore the development of new NSAIDs without these side effects has long been awaited. Selective COX-2 inhibitors with better safety profile have been marketed as a new generation of NSAIDs [9] . Thus, there remains a compelling need for effective NSAIDs with an improved safety profile.
It has also been reported that the presence of the 4-methylthiophenyl moiety [10] is found to increase the biological activity of the molecules. A few heterocyclic analogs containing N-bridged heterocycles bearing the 4-methylthiophenyl moiety possess good antiinflammatory [10, 11] and antimicrobial [12, 13] activities.
0932-0776 / 10 / 1100-1353 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com 1,2,4-Triazole derivatives due to their wide range of biological activities such as antimicrobial, antiinflammatory [14] , anticancer [15] , antitubercular [16] and antimycotic [17, 18] properties have received considerable attention. 1,2,4-Triazole rings have been incorporated into a variety of therapeutically interesting drug candidates such as Triazolam [19] , Alprazolam [20] , Etizolam [21] , Furacyclin [22] , and Ribavirin [23] .
On the other hand, thiazoles have attracted continuing interest because of their varied biological activities [27 -32] . There are also some drugs containing the thiazole moiety, for example: Fentiazac, Meloxicam [24, 25] (both anti-inflammatory agents), Nizatidine [26] (antiulcerative agent), and Sulfathiazole [26] (antimicrobial agent).
In view of these marked applications of [1, 2, 4] triazoles and [1, 3] thiazoles, it was envisaged that chemical entities containing both of these moieties would result in compounds of interesting biological activities. It was considered to synthesize some substituted [1, 3] thiazolo[3,2-b]-1,2,4-triazoles incorporating 2-(4-isobutylphenyl)ethyl and 4-methylthiophenyl moieties.
Results and Discussion
A synthetic approach to the title compounds is outlined in Scheme 1. The acid hydrazides 2 were prepared by the esterification of 2-(4-isobutylphenyl)propanoic acid and 4-methylthiophenyl acetic acid R followed by treatment with hydrazine hydrate in absolute alcohol [33] . The resulting acid hydrazides on reaction with potassium thiocyanate in the presence of conc. hydrochloric acid yielded the corresponding thiosemicarbazides, which on cyclization with an aqueous 5 % NaOH solution afforded 3-substituted-[1,2,4]triazole-5-thiols 3. Condensation of these triazoles with various substituted N-aryl-maleimides in acetic acid media yielded 2-(2-substituted-6-oxo-5,6-dihydro [1, 3] 
The substituted N-aryl-maleimides were prepared according to the literature procedures [34] . The formation of fused thiazotriazoles 4a -n has been confirmed by the elemental analyses and spectral data of the products. In the IR spectra of 3a and 3b, absorption bands due to an amide carbonyl function in the region 1760 -1705 cm −1 and to the NH-NH 2 moiety in the region 3455 -3203 cm −1 of their precursors were found to be absent. However, they showed a new absorption band at 3114 cm −1 of an NH group supporting their formation.
The IR spectra of thiazolotriazoles 4 showed the absorption bands corresponding to their C=O and C=N groups in the region 1710 -1725 cm −1 and 1585 -1610 cm −1 , respectively, thus indicating their formation from 3 through cyclocondenzation with Narylmaleimides.
The 1 H NMR spectrum of 1,2,4-triazole-5-thiol 3a showed a downfield, broad singlet at δ = 12.64 ppm for the D 2 O-exchangeable NH and SH protons. The downfield shift of this signal indicates tautomerism in the triazole ring. Two distinct doublets at δ = 0.85 (J = 8.0 Hz) and δ = 1.68 (J = 8.0 Hz) were observed for the methyl protons. The isopropyl methyne proton was observed as a multiplet in the range δ = 1.80 -1.88 ppm, and the other methyne proton was observed as a quartet at δ = 4.14 ppm. The methylene protons resonated as a doublet at δ = 2.45 ppm (J = 4.0 Hz). The aromatic protons appeared as two doublets at δ = 6.97 and 7.06 ppm with J = 8.0 Hz. Further, an LC-MS spectrum of 3a showed the molecular ion peak at m/z = 261, in conformity with its molecular formula, C 14 H 19 N 3 S.
The 1 H NMR spectrum of 3b also showed a downfield broad singlet at δ = 13.30 ppm corresponding to its D 2 O-exchangeable NH and SH protons. Two singlets at δ = 2.41 ppm and δ = 3.83 ppm have been attributed to the SCH 3 and CH 2 protons. The four aro-matic protons of the 4-methylthiophenyl moiety resonated as two doublets at δ = 7.18 and 7.20 ppm (J = 8.3 Hz), respectively. Further, an LC-MS spectrum of 3b showed the molecular ion peak at m/z = 237, in conformity with its molecular formula, C 10 H 11 N 3 S 2 .
In the 1 H NMR spectra of compounds 4a -n, protons of a CH 2 -CH fragment showed the characteristic pattern of an ABX system. The chemical shifts of the protons H A , H B and H X are at δ ∼ 3.32 -3.38, ∼ 2.81 -2.95 and ∼ 4.55 -4.65 ppm, respectively. Large values of J AB = 12.0 -18.0 Hz, J AX = 7.5 -9.0 Hz and J BX = 4.0 -8.0 Hz were observed like in the structurally related 2-thioxo-4-thiazolidinones, referred to a "carbonyl effect" by Takahashi [35] . The acetamide NH proton appeared as a sharp singlet at δ = 13.80 -14.10 ppm. In the 13 C NMR spectra of 4 the acetamide carbonyl carbon and the thiazolidinone carbonyl carbon atoms appeared in the region δ = 172.1 -174.2 and 176.2 -177.8 ppm, respectively, in addition to other characteristic signals of the remaining carbon atoms.
Experimental Section

Instruments and starting materials
The melting points were determined by an open capillary method and are uncorrected. The IR spectra (from KBr pellets) were recorded on a Shimadzu FT-IR 157 spectrophotometer. The 1 H NMR and 13 C NMR spectra were recorded on a Brukar Avance II-400 (400 MHz) spectrometer using TMS as an internal standard. Mass spectra were recorded in an Agilent Technology LC-mass spectrometer. The accelerating voltage was 10 kV, and spectra were recorded at r. t. Elemental analyses (CHNS) were performed on the CHNS analyzer. The progress of the reaction was monitored by thinlayer chromatography (TLC) on silica gel plates.
General procedure for the preparation of acid hydrazides 2a, b
The mixture of ethyl esters of substituted aromatic acids 1 (0.1 mol) and hydrazine hydrate (0.2 mol) was refluxed in absolute alcohol (50 mL) for 8 h. The excess solvent was then distilled off under reduced pressure, and the concentrated solution was quenched by its addition to ice cold water. The solid separated was filtered, washed and dried. The crude product was purified by recrystallization from ethanol. 
General procedure for the preparation of 1,2,4-triazole-3-thiols 3a, b
Aroyl hydrazide 2 (0.1 mol) was dissolved in water (100 mL) containing concentrated hydrochloric acid (10 mL). Potassium thiocyanate (0.2 mol) was added, and the mixture was warmed on a water bath for 5 h. The reaction mixture was cooled. The precipitated solid was filtered, dried and recrystallized from ethanol to get the aroyl thiosemicarbazide. A mixture of aroyl thiosemicarbazide (0.01 mol) and sodium hydroxide (5 %, 100 mL) was refluxed for 3 h. The reaction mixture was poured on crushed ice and acidified with dilute hydrochloric acid. General procedure for the preparation of substituted [1, 3] thiazolo [3,2-b] [1, 2, 4] triazole derivatives 4a -n A mixture of a 1,2,4-trizole-5-thiol (10 mmol) and the appropriate N-arylmaleimide (10 mmol) was refluxed for 2 h in 10 mL of glacial acetic acid. After cooling to r. t., the reaction mixture was poured into 50 mL of water. The precipitated colorless powder was filtered off, washed with methanol and recrystallized from ethanol. 
